Objective. We aimed to evaluate the effects of kinesiotaping applied on the chest wall on the diaphragmatic muscle and intercostal muscles in patients receiving mechanical ventilation. Methods. In this prospective, randomized, controlled, double-blind study, 24 patients who underwent mechanical ventilation in the intensive care unit were included the study. Randomization was used to identify the side of patients that the kinesiotaping was applied to. Group 1: side that kinesiotaping was applied (n = 24) and Group 2 (control group): side that kinesiotaping was not applied (n = 24). Kinesiotaping was changed in every 3 day. Thicknesses of diaphragmatic muscle, seventh intercostal muscle and ninth intercostal muscle were evaluated by using ultrasound in pretreatment, third day, sixth day and ninth day. Results. In both groups; a statistically significant decrease was found in all the evaluation parameters at all the measurement times when compared to the pretreatment values (p < 0.05). On the third day and sixth day; a statistically significant difference was found in favor of group 1 in all the evaluation parameters except thickness of seventh intercostal muscle (p < 0.05). On the ninth day; there was no statistically significant difference between the two groups (p > 0.05). Conclusion. In conclusion, our study results showed that kinesiotaping decelerated the decrease in the diaphragmatic muscle and the intercostal muscles thickness until sixth day.
Introduction
About 40% of patients in the intensive care unit (ICU) require mechanical ventilatory support [1] . Ventilator-induced diaphragmatic dysfunction (VIDD) is defined as the loss of diaphragmatic forcegenerating capacity associated with the use of mechanical ventilation [1] [2] [3] . Immobility of the diaphragm for protection during controlled mechanical ventilation is thought to play a role in the development of VIDD [4] . In addition, imbalance in protein production and degradation as well as reactive oxygen species (ROS) as a result of mitochondrial dysfunction have been also shown to be involved in the pathogenesis of diaphragmatic dysfunction [5] .
Approximately 20 to 25% of patients on mechanical ventilation experience difficulty in weaning from mechanical ventilation and VIDD is one of the most common reasons [1] [2] [3] . It has been accepted as the most specific "side effect" of prolonged mechanical ventilation [4] . Although the condition has been termed as VIDD, intercostal muscles along with major respiratory muscles (diaphragm) are thought to be involved to a certain extent [4] [5] [6] [7] . Esophageal and gastric balloons, phrenic nerve stimulation, diaphragmatic biopsy, and ultrasonography are commonly used in the diagnosis of diaphragmatic atrophy [1, [8] [9] [10] . Ultrasound-guided detection of diaphragmatic atrophy allows measurement of diaphragmatic thickening and evaluation of the diaphragmatic function [11] . Intercostal muscle exercises, various mechanical ventilator settings, phrenic nerve stimulation, and drugs are used to prevent development of VIDD [12] .
Kinesiotaping, which was first developed by Kenso Kase, is used in the treatment of musculoskeletal system disorders, sports injuries, and neurological and pediatric diseases. The kinesiotape is a thin, latex-free, elastic adhesive and it stretches up to the 40-60% of its original length; its structure resembles elastic features of the human skin [13, 14] . Skin is elevated with kinesiotaping and this increases subcutaneous interstitial area and therefore increases circulation and mobility. Increased circulation and mobility in turn decreases inflammation in the treated area. This treatment therefore aims at reducing pain, increasing performance, re-educating neuromuscular system, preventing injury, and accelerating circulation and tissue healing [13] [14] [15] [16] [17] . The treatment by applying a constant pulling force improves blood and lymph circulation by producing proprioceptive stimulation in the nerve endings [13, 14, 18] . In addition, there are also studies suggesting that the method sends signals to the central nervous system by stimulating mechanoreceptors and increases proprioception through a positional stimulation in the applied area [19] [20] [21] . There are also some side effects of the kinesiotaping. Skin that is applied depending on the use of kinesiology band reactions can be seen. These are allergic reactions or may be in the form of local irritation [14] .
Kinesiotaping has been employed for the purpose of increasing the respiratory capacity [22] . Additionally there are several studies which suggested muscle strengthening by kinesiotaping [23, 24] . However, we could not find any report evaluated the effect of kinesiotaping on the respiratory muscle thickness in the literature. In the present study, we aimed to evaluate the effects of kinesiotaping applied on the chest wall on the diaphragmatic muscle and intercostal muscles in patients receiving mechanical ventilation.
Methods
In this prospective, randomized, controlled, double-blind study, a total of 40 patients who were requiring mechanical ventilation were evaluated for eligibility after local ethics committee approval (The decision number is 2011-KAEK-25 2016/20-01). The study was conducted in accordance with the principles of Declaration of Helsinki.
Patient selection
Patients who were given mechanical ventilation in the intensive care unit between the ages of 20-70 and were approved by their relatives were included in the study. Patients with chronic lung disease, a body mass index (BMI) greater than 30, neuromuscular disease, and who received more than 24 hours of mechanical ventilation therapy within 6 months were excluded from the study. Patients who connected mechanical ventilation for less than 72 hours during testing were dropped out from the study.
Sixteen patients were excluded from the study and the reasons were given in the Figure 1 . Twenty four patients who were eligible for the study were included to the study. Forms detailing the patients' demographic characteristics and pre-treatment (D0) measurements were completed.
Randomization
A computer-generated random number table was used to randomize which side of patients the kinesiotaping was to be applied to. Group 1: kinesiotaping applied side (n=24) and Group 2 (control group): kinesiotaping not applied side (n=24) (Figure 1 ).
Interventions
Kinesio Tex Gold (Kinesio Tex Gold, Kinesio ® ; Albuquerque, New Mexico) was used for kinesiotaping application. Kinesiotaping was applied unilaterally. The other side of the chest wall was used as the control group. Kinesiotaping was changed in every 3 day by a certificated physiatrist who has previously attended the kinesiotaping training course. It was applied by the same physiatrist. When the patients were at the end of the expiration, it was applied on the 5 
Ultrasound measurements
Diaphragmatic muscle and intercostal muscles were evaluated using 7-12 MHz linear ultrasonography (GE LOGIQ P6 Pro Wauwatosa, U.S.A.) transducer in B-mode. While the patients were lying at a 20 0 head-up position, US probe was placed on the anterior axillary line in the 7-8 or 9-10 intercostal space in sagittal position to visualize intercostal muscles and the diaphragm [11, 25, 26] . The measurements were obtained from the midline of the pleural line to the midline of the peritoneum to obtain the most accurate measurements of diaphragmatic muscle thickness (DMT) [11, 25, 26] ( Figure 3 ).
The percent change in diaphragm thickness (Tdi) between end_expiration and end_inspiration (ΔTdi %) was calculated as (Tdi end_inspiration − Tdi end _ expiration / Tdi end_expiration)×100. The ΔTdi% for each patient represented the mean of three breaths [27] . Before the measurement, kinesiotaping was removed and the physician that performed measurements was kept blind to the treatment. The same researcher, who was blind to the side of kinesiotaping application, completed third day (D3), sixth day (D6) and ninth day (D9) evaluations and recorded the data.
Statistical Analysis
Analysis of the collected data was performed using IBM SPSS 22.0 statistical package program. The Pearson chi square (χ 2 ) or Yates χ2 tests were used in the comparison of the categorical variables. Normal distribution of the data was tested using Shapiro-Wilk test. When it was distributed normally, independent samples t test was used for betweengroups comparisons and paired sample t test for intra-group comparisons. Values with a probability of (p) α <0.05 was accepted as significant.
Results
A total of three patients were excluded from the study because two patients died and one patient was referred to an another hospital in the first three days. A total of 21 patients were evaluated at the end of the third day (D3). Eighteen patients were evaluated at the end of the sixth day (D6) because two patients were extubated and one patient died between D3-D6. Fifteen patients were evaluated at the end of the ninth day (D9) because three patients were extubated between the D6-D9. No patient was left out of the study due to any side effect of the treatment ( Figure  1) .
Distribution of the age, gender, and body mass index (BMI) of the patients are presented in Table 1 . The pre-treatment evaluation values of the parameters in the both groups are presented in Table 2 . There was no statistically significant difference between the two groups for the pretreatment evaluation parameters (p > 0.05).
In both groups; a statistically significant decrease was found in all the evaluation parameters at all the measurement times when compared to the pretreatment (D0) values (p < 0.05) ( Table 2) .
On the D3 and D6; a statistically significant difference was found in favor of group 1 (side treated with kinesiotaping) in all the evaluation parameters except seventh intercostal muscle thickness (p < 0.05). The seventh intercostal muscle thickness measurements showed no statistically significant difference between the two groups (p > 0.05) ( Table  2) .
On the ninth (D9) day; there was no statistically significant difference between the two groups in all evaluation parameters (p > 0.05) ( Table 2 ).
In comparison of the difference scores of the two groups; a statistically significant difference was found in all the evaluation parameters for D3-D0 and in all the evaluation parameters except for the seventh intercostal muscle thickness in D6-D0, in favor of as mean ± standard deviation. Independent sample test was used inter-group comparisons paired and sample test was used in intra-group comparisons. Tdi = The percent change in diaphragm thickness, IMT = Intercostal muscle thickness, D0 = Day 0 (pre-treatment), D3 = Day 3, D6 = Day 6, D9 = Day 9, Group 1 = kinesiotape applied side, Group 2 (control group) = kinesio tape not applied side.
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Group 1 (p < 0.05). In D9-D0, there was no statistically significant difference between the two groups in the Tdi and seventh intercostal muscle thickness (p > 0.05), while in the other evaluation parameters a statistically significant difference was found in favor of Group 1 (p < 0.05) ( Table 3 )
Discussion
The present study found significantly lower diaphragmatic muscle thickness, diaphragmatic thickening fraction, and ninth intercostal muscle thickness measured on the third and sixth days in the side on which kinesiotaping were not applied. There was no significant difference in all measured parameters between the two groups on the ninth day.
Previous studies have shown mechanical ventilation-induced diaphragmatic atrophy in both humans and animals. Studies made in humans reported that more than 50% decrease in the cross-sectional areas of type I (slow-twitch) and type II (fast-twitch) diaphragmatic fibers after mechanical ventilation for 18-69 hours [5, [27] [28] [29] . It is considered that mechanical ventilation decreases the mobility of diaphragm and immobility in turn results in diaphragmatic atrophy [5, 30, 31] . It has been reported accelerated proteolysis as a result of the suppression of diaphragmatic contractility and increase in net protein loss upon depression of protein synthesis; as a result, atrophy occurs in the diaphragmatic muscle fibers [5] . Another theory suggests that rapid increase in mitochondrial reactive oxygen species (ROS) emission caused by mechanical ventilation might play a role in the development of VIDD and that the resulting accelerated protein turnover causes rapid activation of key proteolytic systems. Increased production of ROS was found to cause an increase in protease activation and diaphragmatic atrophy [5, 30, 31] .
In the current practice, ultrasonography is commonly used to diagnose diaphragmatic atrophy [1, 31, 32] . Ultrasonographic imaging of the respiratory system was used by Cohn et al. [11] and the results of the measurements were compared with autopsy measurements. The authors reported a variability of 0.2 mm and suggested the use of ultrasound measurements as a reproducible, cost-effective, and non-invasive tool.
In the literature, there are many studies using US in the diagnosis and follow-up of VIDD [3, [32] [33] [34] . Schepens et al. [33] evaluated 54 patients who underwent mechanical ventilation and attempted to detect diaphragmatic dysfunction and associated risk factors using US measurements. The authors reported a 9% decline in the diaphragmatic thickness at 24 hours, 20% decline at 48 hours, and 26% decline at 72 hours compared to baseline values. Inconsistent with the literature data, Cartwright et al. [35] reported that US measurement was not useful to demonstrate diaphragmatic weakness. On the other hand, difficulty in weaning from mechanical ventilator is a more significant problem which seems to be the basic problem associated with VIDD [12] . Various studies have attempted to establish potential treatment strategies in order to prevent weaning problems which occurs approximately in 20 to 25% of the patients [12, [36] [37] [38] . As pharmacological therapies to decrease ROS and diaphragmatic activity are thought to be protective against VIDD [38] , various studies have used treatment strategies that focused on maintaining diaphragmatic activity [36, 37] . Diaphragm exercises have been structured and performed as inspiratory muscle training in the preoperative period [36, 37] . There are also studies which attempted to prevent VIDD and maintain contractile strength of the diaphragmatic muscle in the intensive care unit patients [12, 39] . Martin et al. [12] studied on inspiratory muscle training and evaluated patients who received mechanical ventilatory support for a mean duration of 6.5 weeks and who failed to wean from the ventilator more than once. The authors found an about 35% increase in maximum inspiratory pressure that was measured in the tracheal tube of patients in the inspiratory muscle strain training (IMST) group and they were able to wean 7% of the patients in the IMST group from mechanical ventilator. Goligher et al. [34] suggested the use of muscle preserving mechanical ventilation. The authors reported that inspiratory effort could prevent changes in the configuration of the diaphragm by titrating aeration during mechanical ventilation.
Kinesiotaping is particularly used in the treatment of musculoskeletal disorders and also in the treatment of cerebral palsy, stroke rehabilitation and postoperative pain management (thoracotomy, and video-assisted thoracoscopic surgery) [23, 24, 40, 41] . In a prospective study, Thelen et al. [23] evaluated the efficacy of kinesiotaping in patients with shoulder impingement syndrome and rotator cuff tendinitis and found a significant improvement in shoulder abduction in the kinesiotaping group. Therefore, the authors suggested that improvement in shoulder abduction could be associated with strengthening of motor unit in supraspinatus muscle due to increased proprioceptive stimulation which might, therefore, increase mobility. Jaraczewska et al. [24] evaluated the effects of kinesiotaping in hemiplegic patients in improving postural disorders of the upper extremity, balancing muscle tone and increasing muscle strength. The authors reported a decrease in muscle weakness and postural disorders and a significant improvement in upper extremity functions. Another study investigated the effects of kinesiotaping on motor functions of the upper extremity in pediatric patients with intracranial pathologies such as head trauma, encephalitis, brain tumor, and stroke [40] . The authors detected that occupational therapy combined with kinesiotaping provided significant improvement in motor control and functions of the upper extremity. In a study, kinesiotaping applied on the chest wall was used in the management of postoperative pain. They reported that kinesiotaping could be used as an auxiliary method in postoperative pain management [41] . However, we could not find any report evaluated the effect of kinesiotaping on the respiratory muscle thickness in the literature.
Increasing body awareness by increasing proprioception on the chest wall and aiding respiration efforts is thought to be one of the action mechanisms of kinesiotaping on the diaphragmatic muscle. Furthermore, elimination of ROS by increasing blood flow to the affected area or deceleration of muscle wasting in secondary respiratory muscles (intercostal muscles) could be possible secondary mechanisms by which diaphragmatic functions are improved. This mechanism explains lesser muscle wasting in the intercostal muscles in kinesiotaping side of the thorax in the present study. The measurements which are comparable on ninth day of the follow-up period are considered to be associated with the attempts of weaning and supporting or allowing spontaneous respiration.
The Limitations of the Study
The limitations of the present study include small sample size, the use of unrecorded degree of sedation, and the use of uncontrolled positive end-expiratory pressure between 5-10 cmH2O.
Conclusions
In conclusion, our study results showed that kinesiotaping decelerated the decrease in diaphragmatic muscle and intercostal muscle thickness until sixth day during follow-up, whereas this effect was unable to be sustained after sixth day. Based on these results, although kinesiotaping alone is not sufficient in preventing VIDD, we consider that it can be used as an adjunct to other treatment methods in pulmoner rehabilitation.
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